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Purification of hydrocyanic acid 
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The invention relates to a process for purifying hydrocyanic acid by distillation, 
and also to a process for hydrocyanating olefins or dienes. 

Hydrocyanic acid is prepared on the industrial scale by essentially three different 
10 processes. In a first process, hydrocyanic acid is obtained by ammoxidizing 
methane with oxygen and ammonia (Andrussow process). In a second process, 
hydrocyanic acid is obtained from methane and ammonia by 
ammodehydrogenation in the absence of oxygen (BMA process of Degussa). 
Finally, hydrocyanic acid can be obtained on the industrial scale by dehydrating 
15 formamide (BASF process). 

In all of the aforementioned processes, the gaseous reaction effluent is condensed. 
The condensate may contain water. An acidic stabilizer, for example SO2, sulfuric 
acid, phosphoric acid or acetic acid is added to the condensate in order to prevent 
20 the autocatalytic polymerization of hydrocyanic acid which can lead to blockages 
in pipelines. 

Hydrocyanic acid is used on the industrial scale to hydrocyanate olefins or dienes 
to the corresponding nitriles. The hydrocyanation is typically carried out in the 

25 presence of a nickel(O) catalyst, for example tetrakis(triethyl phosphite)nickel(0) or 
tetrakis(tri-p-tolyl phosphite)nickel(O). This nickel(0) catalyst is very sensitive 
toward protic compounds such as water and acid. For instance, the presence of 
water in the hydrogen cyanide used considerably reduces the yield of adiponitrile 
in the hydrocyanation of butadiene. The hydrocyanic acid used should therefore be 

30 substantially water- and acid-free. 

US 2,571,099 describes a process for preparing nitriles by hydrocyanating 
conjugated diolefins (dienes) in the presence of a nickel carbonyl catalyst. In the 
process, the highest yields are achieved when the hydrocyanic acid used is at least 
35 partly dried. According to this document, substantially anhydrous hydrocyanic acid 
is obtained by treating the anhydrous hydrocyanic acid with a dehydrating agent. 
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Volatile acidic stabilizers are at least partly removed by passing a nitrogen stream 
through the hydrocyanic acid for a few minutes. 

The use of dehydrating agents, for example molecular sieves, is laborious and 
5 expensive. They have to be contacted with the aqueous hydrocyanic acid, then 
removed again from the dewatered hydrocyanic acid and finally regenerated. 

It is an object of the present invention to provide a simpler process for dewatering 
hydrocyanic acid. 

10 

We have found that this object is achieved by a process for dewatering 
hydrocyanic acid by distillation, which comprises distilling crude hydrocyanic acid 
containing from 50 to 99.9% by weight of HCN, from 0.1 to 40% by weight of 
water, from 0 to 15% by weight of carbon oxides and optionally from 0.01 to 1% 

15 by weight of an involatile stablilizer, at a pressure of from 1 bar to 2.5 bar, a 
bottom temperature of from 100°C to 130°C and a top temperature of from 25°C to 
54°C, in the absence of a volatile stabilizer, in a distillation column to obtain a top 
draw stream comprising purified, anhydrous hydrocyanic acid and carbon oxides 
and a bottom draw stream comprising water and, where appropriate, the involatile 

20 stabilizer. 

Surprisingly, despite the comparatively high temperatures in the distillation 
column and even though no volatile stabilizer is used, no poljmierization of 
hydrocyanic acid occurs during distillation. In this context, it has to be considered 
25 that, in the case of the possible use of involatile stabilizers, they remain in the 
column bottom and therefore cannot have stabilizing action in the distillation 
column above the feed of the crude hydrocyanic acid. 

The process according to the invention achieves simple dewatering of the aqueous 
30 crude hydrocyanic acid by distillation. The addition of expensive dehydrating 
agents such as molecular sieves can therefore be dispensed with. Even involatile 
stabilizers are also removed directly in this way. 

Suitable involatile stabilizers which may be present in the crude hydrocyanic acid 
35 to be dewatered are, for example, sulfuric acid and phosphoric acid. These may be 
present in the crude hydrocyanic acid instead of volatile stabilizers, for example 
sulfur dioxides. It is thus also unnecessary to remove volatile stabilizers, for 
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example by passing inert gas through the hydrocyanic acid before it is used in the 
hydrocyanation reaction, as described in US 2,571,099. 

The crude hydrocyanic acid to be dewatered by the process according to the 
5 invention contains from 50 to 99.9% by weight, preferably from 70 to 95% by 
weight, of HCN, from 0.1 to 40% by weight, preferably from 5 to 30% by weight, 
of water, from 0 to 15% by weight, preferably from 0.1 to 10% by weight, of 
carbon oxides (CO and CO2) and, if desired, from 0.01 to 1% by weight of an 
involatile stabilizer. 

10 

An anhydrous hydrocyanic acid having a water content of generally < 100 ppm, 
preferably < 10 ppm is obtained. 

The process may also be carried out when the crude hydrocyanic acid to be 
15 dewatered contains no stabilizer at all (i.e. no involatile stabilizer either). 

When the crude hydrocyanic acid contains involatile stabilizers, they are preferably 
phosphoric acid or sulfuric acid. 

20 The process according to the invention may be carried out in a customary 
distillation column. Preference is given to bubble-cap tray columns or columns 
having structured packing. 

The process according to the invention is preferably carried out to dewater aqueous 
25 crude hydrocyanic acid, as obtained in the thermal cleavage of formamide. 

It has also been found that the anhydrous hydrocyanic acid obtained by the process 
according to the invention can be stored directly over a prolonged period even in 
the absence of a stabilizer. The resulting anhydrous hydrocyanic acid can thus be 
30 stored at a temperature of from 5 to 25°C over a period of from 2 to 10 days or 
even longer, for example a period of 5 days, without polymerization of 
hydrocyanic acid occurring. This is especially significant if the dewatered 
hydrocyanic acid is to be stored intermediately in a buffer vessel before its further 
use in a hydrocyanation reaction. 

35 

When a buffer vessel is provided, it is preferably the reflux vessel of the column, to 
which the condensed top draw stream is fed and from which the reflux is 
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withdrawn which is designed as a buffer vessel. 

Carbon oxides which are distilled overhead with the hydrocyanic acid can be 
stripped out in a downstream purifying column with an inert gas, tjrpically 
5 nitrogen. 

The anhydrous hydrocyanic acid obtained may subsequently be used to 
hydrocyanate olefins or dienes to the corresponding nitriles. 

10 The invention thus also provides a process for hydrocyanating olefins or dienes by 

a) in a first step, distilling and thus dewatering crude hydrocyanic acid 
containing from 50 to 99.9% by weight of HCN, from 0.1 to 40% by 
weight of water, from 0 to 15% by weight of carbon oxides and optionally 

15 from 0.01 to 1% by weight of an involatile stablilizer, at a pressure of from 

1 bar to 2.5 bar, a bottom temperature of from 100°C to 130°C and a top 
temperature of from 25^C to 54''C, in the absence of a volatile stabilizer, in 
a distillation column, and optionally storing the dewatered hydrocyanic 
acid obtained as a top draw stream in the absence of a stabilizer, and 

20 

b) reacting the purified, anhydrous hydrocyanic acid in the absence of a 
stabilizer with the olefin or diene in the presence of a hydrocyanation 
catalyst. 

25 The hydrocyanation of olefins and dienes is generally carried out in the presence of 
catalysts based on phosphine, phosphite and phosphinite complexes of nickel or of 
palladium, as described in "Applied Homogenous Catalysis with Organometallic 
Compounds", Volume 1, VCH Weinheim, p. 465 ff. To prepare adiponitrile by 
hydrocyanating butadiene, nickel(O) phosphite catalysts are used predominantly, 

30 optionally in the presence of a Lewis acid such as metal salts or triphenylboron as a 
promoter. The reaction is effected in the liquid phase in a solvent, for example 
tetrahydrofuran, at a temperature in the range from 30 to 150°C. 



The invention is illustrated in detail by the examples which follow. 
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Examples 
Example 1 

Distillation of hydrocyanic acid in the presence of an involatile stabilizer 

5 

A bubble-cap tray column having a diameter of 30 mm and a tray number of 37 is 
charged continuously with 65 g/h of crude hydrocyanic acid containing 99.6% by 
weight of HCN, 0.2% by weight of water and 0.2% by weight of phosphoric acid 
as an involatile stabilizer. The column is operated at a pressure of 1.2 bar absolute. 

10 At this pressure, a temperature of 32^*0 is established at the top of the coliunn and 
a temperature of 107''C at the bottom of the column. The top stream of anhydrous 
hydrocyanic acid is continuously withdrawn and collected in a buffer vessel. The 
hydrocyanic acid withdrawn at the top of the column is clear and colorless; its 
water content is measured by IR spectrometry and is below the detection limit of 

15 50 ppm. The bottom stream consists of water, high-boiling phosphoric acid and 
traces of HCN (in the ppm range). 

The distillation could be operated stably over a period of months without formation 
of deposits or blockages as a result of polymer hydrocyanic acid. 

20 

Example 2 

Distillation of hydrocyanic acid without stabilizer 

In a continuously operated experimental apparatus, HCN is obtained by gas phase 
25 dehydration of formamide. After condensation of unconverted formamide and 
removal of the ammonia by-product by acidic washing from the reaction effluent 
of the formamide dehydration, a crude hydrocyanic acid use stream composed of 
24.9 kg/h of HCN, 6.7 kg/h of water, 1.25 kg/h of CO2 and 1.7 kg/h of CO is 
obtained and is fed into the HCN rectification column. The HCN rectification 
30 column has a diameter of 100 mm and a length of 12 m and contains a sheet metal 
packing corresponding to 25 theoretical plates. The crude hydrocyanic acid is fed 
at the height of the 12th theoretical plate. The water is removed at the bottom of 
the column; the bottom temperature is 100°C. The top draw stream consists of 
anhydrous HCN having a water content of < 10 ppm, CO and CO2. The top 
35 temperature is 23''C. The top draw stream is condensed and fed into a downstream 
hydrocyanation reactor. 



